In this paper we present strong evidence for a core in the density distribution of the dark halo around a (dwarf) galaxy. DDO 47 has a rotation curve that increases linearly from the first data point, at 300 pc, up to to the last one, at 5 kpc. This profile cannot be reproduced unless we consider a dark halo with a flat density core. The optical region of this galaxy is dominated by a homogeneous halo of costant density of ∼ 10 −24 g/cm 3 and a size of > ∼ 3 kpc, about twice that of the stellar disk. This result is a formidable case of the inability of standard Λ Cold Dark Matter scenario to account for the dark mass distribution around galaxies, and points toward the existence of an intriguing halo scale-length. With respect to the recent claim that the "status of CDM on galactic scales" is satisfactorily in agreement with observations (Primack, 2002) , this paper adds up to the results of
Introduction
Rotation curves (RC's) of disk galaxies are the best probes for dark matter (DM) on galactic scale. Although much progress has been made over the past 20 years, it is only very recently that we start to shed light on crucial aspects of the DM distribution. Initially, the main focus was on the presence of a dark component; this later shifted to investigating the ratio of dark to visible matter (Salucci and Persic, 1997) . Today, the focus is mainly Send offprint requests to: P. Salucci on the actual density profile of dark halos (e.g. . Cored distribution for the dark matter halo has often been adopted (e.g. Carignan & Freeman, 1985) , although the crucial implications of a cored DM distribution appeared only after cosmological N -body simulations found that Cold Dark Matter (CDM) halos achieve a cuspy density profile (Navarro, Frenk & White, 1995, hereafter NFW): ρ CDM (r) = ρ s (r/r s )(1 + r/r s ) 2 ( 1) where r s and ρ s are the characteristic inner radius and density. The halo virial radius R vir is the radius within which the mean halo density is ∆ vir ≃ 200 times the mean universal density ρ 0 (1 + z) 3 at that redshift (see Bullock et al., 2001) . The virial mass M vir and the corresponding virial velocity are related by:
parameter is defined by c vir ≡ R vir /r s . With the above definitions, the halo circular velocity V h (r, CDM), can be written as:
where x = r/r s and A(x) = ln(1 + x) − x/(1 + x). Numerical simulations give c vir as a function of M vir for a population of halos observed at any redshift, and particularly at z = 0 (see Fig. 13 of Wechsler et al., 2002) that, inserted in eq.(2), yields the circular velocity as a function of radius for halos of mass M vir . The spread in the halos redshift formation z f , causing a corresponding spread in the c vir -M vir relation, is not relevant for the present work: in fact, in the region of dwarf galaxies mapped by HI data V ΛCDM (r) is approximately constant, independently of halo mass and formation redshift (e.g. Bullock, 2001 ). Moreover, recent high-resolution CDM simulations indicate central density cusps steeper than in eq.(1) (Moore et al., 1999 , Ghigna et al. 2000 , however, being this case even more problematic for CDM, it will not be considered in this paper.
Discrepancies between the universal profile of CDM and the mass distribution of the dark halo as inferred from the RC has emerged a few years ago. These first claims were questioned in view of observational/modeling uncertainties (e.g. van den Bosch et al., 2000) At the present, the phenomenon is widely accepted, but, with data of low spatial/velocity resolution, there are claims that some RC of DM-dominated galaxy can be equally well fitted by a NFW halo plus a stellar disk (Jimenez et al., 2002) . In a series of papers, we approached the querelle "CDM halos vs. real halos", that we believe absolutely crucial for present-day cosmology, in two different and complementary ways: i)
to derive the detailed mass structure of halos around galaxies and compare the evidence gathered with the CDM scenario (Borriello & Salucci, 2001) and ii) to test one or more specific CDM predictions by using appropriate kinematics ). In the light of the latter approach, recent HI data (Walter & Brinks, 2001 , hereafter WB01) and I-band surface brightness photometry (Makarova et al., 2002) of the dwarf galaxy DDO 47 give a great opportunity to determine crucial dark matter properties: a) the RC extends out its contribution to the circular velocity cannot mimic that of a constant density halo, c) the galaxy is of low luminosity: the content of luminous matter is small with respect to the dark one (e.g. Persic and Salucci 1988) and, d according to ΛCDM scenario, the dark halo is very concentrated (r s << 9 r d ), so that in this galaxy we expect (according to Salucci and Burkert, 2000) a severe discrepancy between the CDM predictions and the actual DM distribution.
The high resolution VLA HI observations that are used here are discussed in detail in WB01. In summary, multi-array VLA observations of DDO 47 give a resolution of 7.8 ′′ ×
7.2 ′′ (170pc × 140pc) (velocity resolution: 2.6 km/s −1 ). The rotation curve, presented in WB01, is based on a moment 1 map of the HI data which has been comvolved to 30 ′′ resolution and has been derived with the task ROTCUR in the GIPSY package (see WB01 for details). For our new analysis, we have refined the previously derived curve by WB01 by also subjecting the data to the task INSPECTOR in GIPSY. The main results are essentially the same, but now spatial and amplitude uncertainties are quantified. The best-fit parameters are summarized here: v sys = 272 km/s; inclination i=35
• ; position angle PA=310
• (see WB01 for details of the fitting procedure). The data points presented in Fig. 1 are all independent measurements. DDO 47 is assumed at a distance of 4 Mpc.
The crucial results of this paper do not depend on the actual galaxy distance being based on distance-independent quantities such as the slope of the circular velocity.
Mass modeling
The DDO 47 baryonic components are:
1) an exponential stellar thin disk of scale-length r d = 28" ± 2"0.54 kpc (Makarova et al., 2001) contributing to the circular velocity V (r) as: 2) an HI disk of surface density shown in Fig.1 and mass of 2.4 × 10 8 M ⊙ , i.e., negligible with respect to the dynamical mass. In detail, under the assumption of spherical symmetry, assumed here for simplicity, the HI contribution to the circular velocity can be written as (see Fig. 2 ): V 2 HI (x) ≃ G M HI (r)/r ≃ 10 −4 V 2 (r) (it easy to check that the exact computation for the actual HI geometry differs much lesser than a factor 2).
In Fig.1 the annular averaged HI surface density of DDO 47 (WB01) is plotted alongside its polynomial fit. It it not necessary to give the coefficients of the various terms, rather, to notice that for r > 150", the surface density shows a rapid decrease that implies a roughly constant V HI (r) in the region where, instead, the RC is steeply increasing at a constant pace. DDO 47 is therefore another case (see Corbelli & Salucci, 2000) in which the HI disk, and any other component likewise distributed, cannot account for the gravitating matter, independently of its mass.
Finally, since the quantity
HI (x) for r > 2 r d increases with radius less steeply if the last two terms are set to zero, to neglect the baryonic components favors the CDM scenario. DDO 47's rotation curve (see Fig.2 ) increases with radius almost linearly: it is straightforward to infer that it is dominated by a dark halo almost everywhere (e.g. Salucci, 1988, 1990) . Velocity free from a significant baryonic contributions for r > 2 r d probes the gravitational potential of the dark halo out to 9.1 r d .
We stress the remarkable increase of the circular velocity from 27 km/s at 2.7 r d (∼ r s ) up to 68 km/s at 9.1 r d (∼ 3r s ), the radius of farthest data; equivalently, the circular velocity local slope d log V /d log r is always > 0.75.
Since V h (r) ≃ V (r), i.e. the baryonic contribution is small, we can obtain, in a model independent way, a rough estimate of the core halo density:
This pair density-radius is off the ΛCDM predictions, that, for halos in the mass range of logM h /M ⊙ ≃ 10 − 11, on the kpc scale have DM densities higher by a factor 1-2 (e.g. Bullock et al., 2001) .
Defining d log ρ h /d log r the slope of the dark matter halo density, from above we can straightforwardly estimate:
at variance with CDM, in which, in the same region (Moore et al., 1999 , Bullock et al., 2001 ): d log ρ h /d log r < −1 and more likely ∼ −2.
We can state that, over a radial span of 6 disk scale-lengths, we observe an increase in V 2 of 600% confronting the decrease of ∼ 20% ± 20% associated with ΛCDM (Bullock et al. 2001 ).
We now model the mass distribution with 3 components (halo+stellar disk+HI disk, hereafter BSB); the baryonic components are taken as described above, whereas the dark matter density is described by a Burkert profile:
where ρ 0 and r 0 are the central density and the size of the region of (almost) constant density, respectively. Then, the dark mass distribution is given by:
with M 0 = 1.6 ρ 0 r 3 0 and the halo contribution to the circular velocity is: V 2 h (r) = G M h (r)/r. We obtain the dark matter core parameters ρ 0 = 1.1 × 10 −24 g/cm 3 , r 0 = 7 kpc and the disk mass M d ∼ 5.3 × 10 7 M ⊙ by χ-square minimization of the quantity
h (r) over the 9 data points. The best-fit BSB mass model is shown in Fig.2 : the data are reproduced in an excellent way.
Notice that, since the RC, though extended, does not reach the region where V h (R) decelerates, an accurate estimate of r 0 is, at the present, impossible. We can only claim that, for consistency with the HI rotation curve, r 0 > 4 kpc and then the uncertainty will disappear only when a mass tracer in the range 5 − 10 kpc would be available.
As a comparison we show the ΛCDM case once V CDM has been normalized to data at 9.1 r d and the baryonic contribution set to zero. These are of advantage to CDM: we use ρ s as a free parameter, independent of r s and tunable to improve the fit; furthermore we neglect the "baryonic" steepening of V h (r). The discrepancy of the CDM velocity model with the the ever-rising RC data (see Fig.2 ) needs not commenting.
At this point, it is instructive to look at which way CDM goes wrong. Let us plot for BBS and CDM models the DM density at a radius r, measured in critical density units, vs. the DM mass enclosed r (Fig.3) . The CDM and BSB mass-density distributions are in global inconsistency, well beyond a local disagreement. CDM brings in the "cusp" region much more dark mass than required, leaving the region outside the "cusp" with a mass deficit. Moreover, we do not detect the predicted CDM overdensities of the order of 10 5 and more.
Conclusions: an Intriguing Evidence
The DM halo density of DDO 47, out to 9 r d , is fully and uniquely determined by two parameters, the central core density and a core radius. These are quantities that are missing in the gravitational instability/hierarchical clustering Cold Dark Matter scenario.
In order to reconcile this theory with observations one may conclude that current CDM simulations are not applicable for the innermost 10% of the halo mass distribution.
E.g., it could be that the physics of the collapse is more complex than modeled so far.
Alternatively, a yet unknown physical process could occur in the innermost 10 −3 % of the dark halo volume, cutting down the post-collapse DM density by 1 − 2 orders of magnitudes. Clearly, more high resolution rotation curve studies as presented here are needed to shed light on these issues.
